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Abstract
JAY PATRICK MAHER
Rainbow trout {Salmo gairdneri) cage culture
techniques were investigated in dugouts as part of a
continuing program to evaluate the potential of small
scale, landowner-based aquaculture operations.

Trout

raised in the study did not reach a marketable size (200 g)
due to the short growing season and small size at
stocking.

No significant (P > 0.05) differences in growth

were detected between stocking densities of 60, 80, 100,
and 120 fish/m 3 .

Demand feeding resulted in significantly

greater length (P 5 0. 01) , weight (P 5 0. 01) , and relative
weight (P 5 0.05) than hand feeding in both years tested.
Rainbow trout of the Hildebrand strain reached a
significantly greater (P 5 0.01) length, weight, and
relative weight than those of the Growth or Kamloops
strains.

Hildebrand strain rainbow trout also had

significantly (P 5 0. 01) better food conversion ratios
than the other two strains.

Due to the short growing

season it is not economically feasible to raise rainbow
trout in eastern South Dakota dugouts at this time.

It is

recommended that further trout culture work be centered on
more heat tolerant strains.
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1

INTRODUCTION

Across South Dakota, the Soil Conservation Service
has participated in the construction of over 100, 000 small
ponds (Modde 1980) .

Created by excavation (dugouts) or

through damming, these ponds are potentially valuable
sites for fish production.

However, shallow depths and

high nutrient levels in many of these ponds makes them
susceptible to winterkill.

Thus, the focus of this and

most previous fish culture studies done in eastern South
Dakota has concerned the development of techniques to
provide annual fish crops.
Several studies outside of South Dakota have
investigated the possibility of raising annual crops of
rainbow trout (Salmo gairdneri) in bodies of water which
would otherwise be underutilized.

In the southern United

States, rainbow trout have been raised in idle channel catfish
(Ictalurus punctatus) cages during winter months in a
double-cropping system (Buck et al. 1970; Kilambi et al .
1977; Helfrich and Kreh 1981) , or as a wintertime cage
culture venture in warmwater lakes (Collins 1972; Jensen
1981; Beem and Gebhart 1985) .

In the prairie pothole

region of the Great Plains, rainbow trout have been used
to provide annual crops of fish in ponds and lakes which
were previously not utilized because of frequent
winterkill.

Canadian trout farmers have found many of the
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pothole lakes rich in natural food supply (predominantly
Gammarus spp.) , and fingerling rainbow trout stocked in May
can reach 454 g by October (Miller and Thomas 1956; Lawler
et al. 1974; Swanson 1979) .

In less productive Canadian

lakes located on the Precambrian shield, attempts to
culture rainbow trout in cages to facilitate feeding and
harvest have had variable success (Seguin 1970; Whitaker
and Martin 1974; Mcintyre 1981) .

Myers and Peterka (197 6)

investigated open pond culture of rainbow trout in four
prairie lakes in North Dakota but had poor survival due to
summerkill and probable bird predation. In a cage culture
study in North Dakota, Hahn (1974) reported growth and
food conversion of rainbow trout to be better than most
described in the literature but survival was reduced due
to high water temperatures.
In eastern South Dakota, studies have been
undertaken to explore the potential of raising rainbow
trout on an annual basis for landowner use.

Vodehnal

(1982) stocked fingerlings in dugouts in the spring
and harvested them in the fall, but mortality due to
summerkill and other causes was 97.4%.

Using cage culture

techniques, Roell (1983) found that rainbow trout
exhibited good growth and survival in dugouts although the
growing season was short.

The optimum feeding rate was

found to be approximately 4% of body weight per day (Roell

3

1983; Schuler 1984) .

Schuler (1984) determined that

natural food organisms were not an important part of the
cage-reared rainbow trout diet, but was unable to find
maximum cage stocking densities.
The objectives of this study were: 1) to determine
the optimum cage stocking density for rainbow trout in
dugout ponds, 2) to compare rainbow trout fed by demand
feeders with those fed a fixed daily ration once per day,
3) to evaluate the performance of the Growth, Kamloops,
and Hildebrand strains of rainbow trout under cage culture
conditions, and 4) to determine the nutritional character
of cage-reared rainbow trout.

4

STUDY AREA

The ponds used in this study were located in
Brookings and Moody counties, South Dakota (Figure 1) .
Pond selection was primarily based on landowner
cooperation, proximity to other study ponds, and
sufficient depth to allow use of 2. 0 m deep cages.
Westin and Malo (1978) described this portion of
east-central South Dakota as being cool, moist prairie.
Spuhler et al. (1971) listed an average annual
precipitation of 52. 3 cm for the Brookings area and a mean
monthly temperature of 6. 5

c.

The soils in the region are

broadly classified as udic borolls.

Those soils in the

vicinity of the ponds developed in 50 - 100 cm of loess or
silty material overlying calcareous glacial till (Westin
and Malo 1978) .

The water table lies close to the surface

and consequently many ponds retain sufficient water for
livestock and other uses over most of the year.
1984 Field Season

The two dugout ponds used in 1984 were located on
the northern edge of Moody County, approximately 15 km
southeast of Brookings.

The Bothe dugout (stocking

density test) was originally excavated on a small stream
channel with the spoil banks oriented in a north - south
direction.

The stream was diverted along the eastern edge

of the spoil banks but currently flows into the dugout.
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••

BROOKINGS
COUNTY

*

MOODY
COUNTY

1984 Stocking density test
1984 Feeding methods test
1985 Feeding methods test
1\9 85 Strain performance test

*
0
11

•

Figure 1. Location of the study ponds used during the 1984
and 1985 field seasons.
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The dugout covered an area of 0.052 hectares and had a
maximum depth of 3. 8 m.

The Schlobohm dugout (feeding

methods test) was excavated in a low lying area next to a
wetland.

The surface area was 0. 074 hectares and the

maximum depth was 2. 6 m.
1985 Field season
The Telkamp dugout (strain performance test) is
located approximately 3

km

east of Brookings.

The dugout

was excavated on a slight upland near an intermittent
stream and receives most of its water from ground water
seepage.

The surface area was 0. 097 hectares and the

maximum depth was 2. 9 m.
The Collins dugout (feeding method test) is
located approximately 6

km

southeast of Brookings.

The

pond is located adjacent to a wetland with a small creek
within 25 m of the western edge of the dugout.

The

surface area was 0. 092 hectares, with a maximum depth of
2. 6 m.
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METHODS AND MATERIALS
1984 Field Season

Stocking density test (Bothe dugout)
The stocking density test was arranged as a
randomized complete block design with four treatments and
four replications.

The treatments consisted of stocking

densities of 60, 80, 100, and 120 fish/m 3 .
The cages used throughout these studies (Figure 2)
were the same as described in Roell (198 3 ) and Schuler
(1984) , and measured 1. 0 x 0. 5 x 2. 0 m deep for a
total volume of 1. 0 m 3 .

In the Bothe dugout, the cages

were arranged in four rows (replicates) with the four
treatments assigned at random within each row.

Cages

within a row were tied together along their long axis with
a spacing of approximately 1. 5 m and anchored at the end
of the rows using concrete blocks tied at 45

angles.

Sufficient space was left between rows to allow passage of
a small boat.
Rainbow trout fingerlings (Growth strain) were
transported from the Cleghorn Springs Hatchery in Rapid
City, South Dakota and arrived on the morning of 18 April.
Fish were counted from the hatchery truck into 18. 9 L
buckets and stocked into the cages using a boat.

Average

length and weight at stocking was 1 3 2. 2 mm and 24. 79 g,
respectively.

Stocking mortality was determined on

by direct observation using SCUBA, and dead fish

3

May
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I

0.3m

_I

3.2 mm Mesh
2.0m

12.7 mm Mesh

Figure 2. Cage design used in the culture of rainbow trout
(Salmo gairdneri) in eastern South Dakota
dugouts in 1984 and 1985.
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were replaced with fingerlings held in an extra cage.
The fingerlings were fed Purina floating trout
food (� 37.5% protein) at the rate of 4% of body weight
once per day.

Feeding rates were adjusted using growth

data from previous studies (Roell 1983; Schuler 1984) and
by observation of feeding behavior.

Average fish weight

was also determined by sampling fish with a long-handled
dip net and weighing a known nummber in a tared bucket of
water.

Feeding began on 20 April and continued for 52

days (10 June) when low dissolved oxygen concentrations
necessitated harvest.

On 12 June the cages were removed

from the pond and total length (mm) and weight (g) was
recorded for each fish.
Feeding methods test (Schlobohm dugout)
Two treatments were used in the feeding methods
test: 1) the feeding of a fixed ration once daily, and,
2) the use of a demand feeder to allow satiation feeding.
The treatments were arranged in a randomized complete
block design with nine replications per treatment.
Cages were the same as described above with the
exception of a 20.0 x 25.0 cm wooden framed section of
plastic window screen suspended with nylon string
approximately 70.0 cm below the surface of the water.
screen was positioned

The

directly beneath the feeding

opening of the cage lid and was intended to catch the food
as it sank through the water column thereby increasing the

10
length of time the food was available to the fish.

The

cages were arranged in three rows of six and were anchored
as described previously.

For additional stability, two

iron rods were mounted at opposite corners on each cage.
The 9. 6 mm diameter rods were 3. 5 m in length and passed
through eyebolts at the top and bottom of the cage.

The

rods were then driven into the pond bottom and provided
additional stability for the cage.
Demand feeders were constructed of PVC pipe 15. 8 cm
in diameter and cut to 30. 0 cm lengths (Figure 3) .

A

plastic funnel was fitted into the bottom of the pipe and a
2. 5 cm rubber ball on a wire (2. 5 mm diameter) was used as
a trip mechanism.

The trip wire extended 50. 0 cm beneath

the water surface and was tipped with small red plastic
beads to cover the exposed end of the wire and to provide
a target for the fish to strike.

A 7. 5 cm section of 3.2

cm (inside diameter) PVC pipe was attached to the bottom
of the funnel to act as a shield for the trip mechanism.
This shield was exchanged for a larger pipe section (3. 8
cm inside diameter) two weeks after the onset of feeding
because of problems of feed clogging around the ball.
Feeders were covered with inverted 5. 0 L plastic pails.
On 18 April, 720 rainbow trout (Growth strain)
were stocked into the cages.

Size of fish, stocking

procedure, and replacement of mortalities was as described

A

Figure 3. Demand feeder design used in 1984 (Bl and
modified for 1985 (A) .
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above with the exception that all cages were stocked at a
density of 40 fish/m 3 .

All fish received Purina ( 3 . 2

mm) sinking fish pellets (� 3 0. 0% protein) .

The hand fed

treatment received a ration of 4% of body weight per day .
Adjustments to the feeding rate were made as described
previously.

Demand feeders were checked daily and filled

as needed.

Feeding began on 20 April and continued for 59

days until 17 June.

At this time low dissolved oxygen

concentrations threatened fish survival and the fish were
harvested on 19 June.

Total length (mm) and weight (g)

was recorded for each fish.
1985 Field Season

Feeding methods test (Collins dugout)
The 1984 comparison between demand feeding and a
hand fed fixed daily ration was repeated in 1985.

The

same experimental design was used, a randomized complete
block with nine replications per treatment.
Several aspects of the experiment were revised in
1985.

Changes included the removal of the iron rods and

of the screens used for catching food.

It was felt that

the cages were stable enough to prevent wave action from
causing food wastage in the demand feeders and the screens
interfered with fish sampling.

An improved trip mechanism

was installed on the demand feeders (Figure 3) , consisting
of a round plexiglas plate 5. 0 cm in diameter mounted on
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the trip wire to replace the rubber ball described
previously.

The plate allowed for a more controlled

delivery of food when the trip wire was moved and so
reduced food wastage.

The PVC pipe shield was replaced

with a 10. 2 cm diameter clear acrylic pipe section 10. 2 cm
in length.

The clear pipe allowed easier viewing of the

trip mechanism during operation and adjustment.
On 11 April, 900 rainbow trout (Growth strain)
from Cleghorn Springs Hatchery were stocked into cages at
a density of 50 fish/m 3 .

Average initial length (TL) and

weight was 107. 3 mm and 14. 6 g, respectively.
stocked as described in previous studies.

Fish were

Replacement of

fish lost to stocking mortality was limited to those
observed dead on the surface due to high turbidity preventing
direct observation with SCUBA.
Feeding began on 14 April using
sinking grower pellets (� 41% protein) .

3. 2

mm Glencoe

Hand fed fish

again received a ration of 4% of body weight per day and
the demand feeders were checked daily.

Adjustments in the

daily ration were calculated from sample weights of fish
taken from two cages in each treatment at intervals of
approximately 10 days.

A rectangular net, constructed to

fit the inside dimensions of the cage, was used to crowd
the fish to the surface.

A sample of 15 -

30

fish was

then weighed as a group to give an average weight.
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Feeding continued for 84 days (7 July) until low dissolved
oxygen and high water temperatures prompted harvest on 8
July.

Total length (mm) and weight (g) was recorded for

each fish at harvest.
Strain performance test {Telkamp dugout)
Three treatments consisting of the Growth,
Kamloops, and Hildebrand strains of rainbow trout were
stocked in cages at a density of 50 fish/m 3 .

A randomized

complete block design was utilized with five repetitions
per treatment.

Cages were arranged in two rows, one of

nine and one of six cages.

The cages and anchoring

methods were the same as described previously.

Rainbow

trout of the Growth and Kamloops strains were obtained
from the Cleghorn Springs State Fish Hatchery.

Hildebrand

strain rainbow trout were provided by Trout Haven Ranch,
Buffalo Gap, South Dakota.
The three strains were stocked on 11 April and
feeding began on 1 3 April.

At stocking, the Growth and

Kamloops strains had mean total lengths of 107. 3 mm and
105. 4 mm, respectively.

Both Growth and Kamloops strains

had a mean weight of 14. 6 g.

The Hildebrand strain had a

mean total length of 101. 3 mm and a mean weight of 12. 2 g.
Each strain was fed

3. 2

mm Glencoe sinking grower pellets

(� 41. 0% protein) at a rate of 4% of body weight per day .
Adjustments in the daily ration were calculated from
sample weights of fish taken from each treatment as
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described in the previous section.

After 53 feeding days

(4 June) low dissolved oxygen concentrations forced the
discontinuation of feeding and the harvest of all fish on
7 June.

Total length (mm) and weight (g) was recorded for
Samples of fish from each strain were dressed

each fish.

and put on ice for later analysis of nutritional
composition.
Water Quality

The water quality in all study ponds was monitored
Temperature and dissolved

weekly at the cage location.

oxygen measurements were taken at the surface and at 1 . 0 m
intervals to the pond bottom.

A Yellow Springs

Instruments Model 33 S-C-T meter was used for temperature
measurements.

Samples for dissolved oxygen were taken

with a 2. 2 L PVC Kemmerer bottle and processed with Hach
reagents.

The Hach dissolved oxygen determination

utilizes the azide modification of the Winkler method
(APHA et al. 1975) and measures concentrations to the
nearest 0. 2 mg/L.

Surface water pH was measured with a

Hach Thymol Blue test kit.
also recorded.

Secchi disk visibility was

During the 1984 field season, a 1. 0 L

sample was taken from mid-depth, acidified, and returned
to the laboratory for determination of ammonia-nitrogen
using a Hach DR-EL/1 kit.
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Analysis of Data
An analysis of variance was completed for each
experiment using the Statistical Analysis System (SAS
1982a; SAS 1982b) .

Treatments (stocking density, feeding

method, and trout strain) were evaluated for significant
differences in the dependent variables length, weight,
relative weight, and food conversion.

In the nutritional

analysis the treatments (trout strains) were evaluated for
significant differences in the dependent variables
moisture, protein, fat, and ash as percentages of body
composition.

Significance levels for determination of

differences were P � 0. 05 and P � 0. 01.

In the strain

performance test and nutritional analysis, a Waller-Duncan
t-ratio t test was used to determine differences between
treatment means for the dependent variables.
tests, selecting a t-ratio

=

In these

100 approximates an alpha

level of 0. 05 (Steele and Torrie 1980) .

Chi-square was

used to detect differences in survival.
Relative weight (Wr) was used as an index of
condition and was calculated using the formula:
Wr = (W/Ws) x 100

(Wege and Anderson 1978)

where
Wr

=

relative weight as an index of condition,

W

=

actual weight,

Ws

=

standard weight for a fish of the same
length.
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Standard weight (Ws) was calculated from the following
length-weight formula for rainbow trout:
log Ws

=

-5.194 + 3.098 log L (Weithman,

personal communication in Anderson 1980)
where
L = total length (mm), and
Ws= standard weight (g).

Nutritional Analysis
A sample of 12 fish each of the Growth, Kamloops,
and Hildebrand strains was taken from those fish raised
in the strain performance test.

The fish were dressed,

placed on ice, and transported to the laboratory where
they were frozen until the nutritional analysis could be
performed.
To prepare the fish for analysis, a 'V-shaped' cut
was made from the inside of the body cavity to remove the
backbone.

The entire musculature and skin covering was

then removed from between a cut just behind the head and
another slightly ahead of the adipose fin.

This sample

was then frozen in a liquid nitrogen bath and ground to a
fine powder in a commercial blender with a stainless steel
cup.
Analyses for moisture, protein, fat, and ash

were

performed by the Station Biochemistry Section of the South
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Dakota State University Chemistry Department.

All

analyses were done according to methods described by the
Association of Official Analytical Chemists (Williams
1984) .

Moisture was determined by drying in a oven for

2. 0 hours at 102

c.

Total nitrogen was determined by the

Kjeldahl method and then multiplied by 6. 25 to equal
percent protein.
hydrolysis method.

Fat content was measured by the acid
Fish samples were combusted at 550 C

for 3. 0 hours to give percent ash.
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RESULTS AND DISCUSSION
1984 Stocking density test

Growth and survival
No significant differences (P > 0. 05) were
detected between the stocking densities 60, 80, 100, and
120 fish/m 3 for the dependent variables length, weight, or
relative weight (Tables 1-4) .

Due to overcounting at

stocking, statistical comparisons of survival could not
be made.

Estimates of survival within each treatment were

made by using the number of fish at harvest for the cage
that showed the greatest degree of overcounting as the
number of total possible fish.

All survival values

calculated in this manner were greater than 95% (range
96. 7 - 99. 0%) .

These values are comparable to those

reported by Roell (198 3 ) and Schuler (1984) for cage
culture in dugouts under similar conditions.
Several authors have attempted to determine
In

optimum cage stocking densities for rainbow trout.

Arkansas, Collins (1972) stocked 56. 7 g rainbow trout into
cages at densities of 254, 380, and 48 3 fish/m 3 for
culture during the winter months.

Over the 115 day

growing season, no differences were shown in rate of
growth or food conversion for the three stocking densities
(Collins 1972) .

In another Arkansas lake, Kilambi et al.

(1977 ) stocked rainbow trout (149. 5 g initial weight) in
cages at densities of 18 3 ,

3 01,

and 52 3 fish/m 3 .

Their
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Table 1. Growth, survival and production of cage-reared
rainbow trout (Salmo gairdneri) in a stocking
density test in an east c entral South Dakota
dugout pond between 18 April and 12 June 1984.
Stocking Density
(number of fish/m 3 >�80
60
100
120
Number of fish
Initial

240

3 20

400

480

>95%

>95%

>95%

>95%

1 3 2.2

132.2

1 3 2.2

1 3 2.2

161.6

163. 3

16 3 .8

162.2

24.8

24.8

24.8

24.8

4 3 .7

44.2

44.4

43.8

Mean relative weight (Wr)

96.0

94.4

94.1

95.5

Mean food

4.25

4.14

4.11

4.22

Mean daily weight gain (g)c

0. 3 6

0. 3 7

0.38

0. 3 7

Per c ent daily weight gain

1.45

1.49

1.5 3

1.49

Mean biomass gain (kg/m 3 )

1.09

1.52

2.05

2. 3 7

23 6

Final
Estimated surv�val to
harvest period
Mean length (mm)
Initial
Final
Mean weight (g)
Initial
Final
c onversion

a Result of overcounting during stocking.

b Only conservative estimates of survival
due to overcounting at stocking.
c

c ould

be given

Based on number of days fed (52 out of 56 days held).
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Table 2. Analysis of variance for the dependent variable
length of cage-reared rainbow trout (Salmo
gairdneri) in a stocking density test in an east
central South Dakota dugout pond between 18 April
and 12 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Stocking density)

3

340. 09

0. 66

NS

Replicates

3

40. 32

0. 23

NS

Trt

9

515. 23

2. 93

1433

175. 63

*

Rep

Residual

**

Significant at the 0. 01 level of probability.

**
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Table 3. Analysis of variance for the dependent variable
weight of cage-reared rainbow trout (Salmo
gairdneri) in a stocking density test in an east
central South Dakota dugout pond between 18 April
and 12 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Stocking density)

3

41. 74

0 . 11

NS

Replicates

3

38. 95

0 . 30

NS

Trt

9

372. 40

2 . 91

1433

127.79

*

Rep

Residual

**

Significant at the 0.01 level of probability.

**
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Table 4. Analysis of variance for the dependent variable
relative weight (Wr) of cage-reared rainbow trout
(Salmo gairdneri) in a stocking density test
in an east central South Dakota dugout pond
between 18 April and 12 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Stocking density)

3

265. 7 6

0.77

NS

Replicates

3

298. 98

2.05

NS

Trt

9

344.09

2.36

1433

145.68

*

Rep

Residual

*

Significant at the 0. 05 level of probability.

*
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study showed that the final mean weight of the rainbow trout
stocked at 52 3 fish/m 3 was significantly lower (P � 0. 01)
than that of the fish raised at 18 3 or

3 01

fish/m 3 .

Hahn

(1974) tested six stocking densities (37, 74, 111, 148,
185, and 222 fish/m 3 ) in cage culture experiments
performed in a North Dakota lake.

Results indicated

growth and survival to be inversely related to density.
Trzebiatowski et al. (1981) also found growth to be
inversely related to stocking density.

The four stocking

densities used in their study were 150,

3 00,

fish/m 3 .

600, and 900

The percent daily weight gain decreased from

8. 54 to 6. 59% between the 150 and 900 fish/m 3 densities,
respectively (Trzebiatowski et al. 1981) .

Despite this

decrease in growth rate the fish raised at the high
density reached a marketable size (194. 3 g) from the 22. 0
g initial weight (Trzebiatowski et al. 1981) .

In three

eastern South Dakota dugout ponds, Schuler (1984) tested
cage stocking densities of 35, 52, and 70 fish/m 3 with
each stocking density assigned to a separate pond.

In

that study, significant differences (P � 0. 05) were found
at harvest between the three stocking densities for the
variables length, weight, and relative weight.

However,

because the means showed no trend with increasing density,
the differences in growth were attributed to variability
between ponds and not to treatment effects (Schuler 1984) .
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Production
Mean daily weight gain (g) for each of the four
stocking densities is given in Table 1.

These values are

also expressed as percent daily weight gain to facilitate
comparisons between studies using different initial
weights.
Values for percentage daily weight gain in this
study were lower than those found by Roell (198 3 ) and
Schuler (1984) in cage culture studies in eastern South
Dakota dugout ponds.

With a stocking density of

35

fish/m 3 , Roell (198 3 ) reported percent daily weight gains
of

3. 3 7

and 4. 19% at feeding rates of 2 and 4% of body

weight per day, respectively.

Schuler (1984) found values

for percent daily weight gain ranging between 1. 92 and
3.

78%, with greater variability between ponds than between

feeding rates within a pond.
Although the values found for gain per day were
lower than those previously found for eastern South Dakota
dugout ponds, they were comparable to those found in the
literature.

Percentage daily growth rates described by

Kilambi et al. (1977) ranged from 0. 58 to 0. 92%.

Buck et

al. (1970) and Collins (1972) reported average daily gains
of 1. 3 5 and 1. 54%, respectively.

Cage-reared steelhead

trout in a California impoundment gained an average of
1. 77% per day in a study by Boydstun and Hopelain (1977) .
Hahn (1974) noted percentage daily weight gains of 2. 8 and
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4. 4% in 1972 and 1973, respectively, for cage-cultured
rainbow trout in a North Dakota lake.

Overall, values for

percent daily gain reported in the cage culture literature
fall in the range of those listed above, with a few
authors reporting higher values (Whitaker and Martin 1974;
Trzebiatowski et al. 1981) .
No significant difference (P > 0. 05) in food
conversion was found for the four stocking densities
(Tables 1 and 5) .

All values reflect an inefficient use

of food offered to the fish.

Fish in all treatments were

feeding within the first week, and would take much of the
ration at the surface.

Although the

pellets were a

floating food, an observed 10 to 20% would sink soon after
being wetted.

Fish were observed taking this food as it

sank, but some would pass out of the cage. Adjustments to
the ration size based on observation of feeding and on
growth increments from previous studies resulted in
probable overfeeding.

Sampling with the long-handled dip

net was awkward and many fish were able to avoid capture.
This fact, along with concern over injury to the fish made
direct sampling by these methods unsatisfactory.
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Table 5. Analysis of variance for the dependent variable
food conversion of cage-reared rainbow trout (Salmo·
gairdneri) in a stocking density test in an east
central South Dakota dugout pond between 18 April
and 12 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Stocking density)

3

0. 017 6

0. 079

NS

Replicates

3

0. 0197

0. 089

NS

Residual

9

0. 2219
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Water quality
Water quality characteristics which were monitored
during this study remained within acceptable limits for
trout culture during most of the study period.

on 9 June,

heavy rains in the study area caused local flooding.
Waters rose to approximately 1. 0 m above bank level.

On

the following day, water temperature was a uniform 14. 5 c
throughout the pond.

Dissolved oxygen was approximately

5. 0 mg/1 at the surface and decreased with depth although
the endpoint of the dissolved oxygen test was difficult to
read because of high turbidity (Secchi disk < 0. 1 m) .

The

high turbidity probably contributed to the low oxygen
concentrations found.

The fish showed signs of stress due

to low dissolved oxygen (piping, swimming at the surface)
and mortality increased, prompting harvest.
Conclusion
Although the cage stocking densities used in this
study were low compared to the maximum densities
recommended by Jensen (1981) and Beem and Gebhart (1984) ,
of 566 fish/m 3 and 52 3 fish/m 3 , respectively, two factors
must be taken into account.

First, high variability

between ponds, such as that encountered by Schuler
(1984) , required that density comparisons be made within a
single pond environment.

Even at the low densities used,

the number of replications required to ensure statistical
validity resulted in a pond stocking density nine times

29
greater than that recommended by Beem and Gebhart (1984) .
Using their recommended maximum cage stocking density for
the high density in this study probably would have
exceeded the carrying capacity of the pond.

This could

have resulted in reduced growth and survival for all
treatments.

The second factor to consider is the

environment of the dugout itself.

The studies which

contributed to the high stocking densities recommended
above were generally done under winter culture conditions
in comparatively large southern lakes (Collins 1972;
Kilambi et al. 1977) or in relatively cool, flowing
water (Trzebiatowski et al. 1981) .

The favorable

temperature and water circulation found in these
environments is not duplicated in dugouts.

For this

reason, optimum cage stocking densities in dugouts may not
be as great as those reported in the literature for other
environments.
1984 Feeding methods test

Growth and survival
Mean lengths and weights at harvest were significantly
(P � 0. 01) higher for the fish fed by demand feeders than
for those fed by hand (Tables 6 - 8) .

Relative weight was

also significantly (P < 0. 05) higher for the demand fed
fish (Table 9) .

Again, statistical comparisons of
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T able 6. Growth, survival and production of ca ge-re ared
ra inbow trout (Salmo gairdneri) in a feeding
methods
test in an east central South D akota dugout pond between
18 April and 19 June 1984.
Feeding Method
Demand Feeder
Number of fish
Initia l
Final
Estim ated survival to
harvest perioda
Mean length (mm)
Initial
Final
Mean weight (g)
Initial
Final
Me an relative weight (Wr)

H and Fed

3 60

3 60

3 54

3 48

�95%

�95%

132.2

1 3 2.2

165. 3

158.8

24.8

24.8

52.0

4 3 .9

10 6.6

102. 3

Mean food conversion

8.92

4.17

Mea n daily weight gain (g) b

0.46

0. 3 2

Percent daily weight gain

1.85

1.29

ga in (kg/m 3 )

1.05

0.71

Me an

biom a ss

a

Only conservative estim ates of surviva l could be given
due to overcounting at stocking.

b

B ased on number of days fed (59 out of 6 3 da ys held) .

31
Table 7. Analysis of variance for the dependent variable
length of cage-reared rainbow trout (Salmo
gairdneri) in a feeding methods test in an east
central South Dakota dugout pond between 18 April
and 19 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

6932.73

19.37

Replicates

8

319.4 1

1.95

Trt

8

357.93

2.19

684

163.4 6

*

Rep

Residual

** Significant at the 0.01 level of probability.
* Significant at the 0.05 level of probability.

**
*
*
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Table 8. Analysis of variance for the dependent variable
weight of cage-reared rainbow trout (Salmo
gairdneri) in a feeding methods test in an east
central South Dakota dugout pond between 18 April
and 19 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

10718. 99

32. 38

Replicates

8

418. 10

2 . 70

8

331. 05

2 . 14

684

155. 02

Trt

*

Rep

Residual

**
*

Significant at the 0. 01 level of probability.
Significant at the 0. 05 level of probability.

**
**
*
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Table 9. Analysis of variance for the dependent variable
relative weight (Wr) of cage-reared rainbow trout
(Salmo gairdneri) in a feeding methods test
in an east central South Dakota dugout pond
between 18 April and 19 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

2857. 27

7. 23

Replicates

8

274. 05

4 . 97

Trt

8

395. 47

7. 17

*

Rep

Residual

684

55. 19

* Significant at the 0 . 05 level of probability .
** Significant at the 0. 01 level of probability .

*
**
**
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survival between treatments were not made due to
overcounting at time of stocking.

Survival to harvest

period was estimated as described previously for the
stocking density test (calculated values 95. 8 and 95. 9%) .
Increased growth rate is often cited as a benefit
of using demand feeders (Boydstun and Patterson 1982;
Zeigler et al. 1984) .

This is supported by the results of

the present study and those of Al len (1986) who found
harvest weights of demand fed fish to be significantly (P

s

0. 01) greater than those of hand fed rainbow trout

raised in cages in an eastern South Dakota gravel pit.
Two evaluations of the effects of demand feeding at
Dworshak National Fish Hatchery, Idaho, found increased
growth with demand feeders (Statler 1982; Kindschi 1984) .
Statler (1982) reported weight gain of rainbow trout fed
with demand feeders to be two times the gain of those fed
by hand.

Kindschi (1984) found demand fed fish to have

condition factors 7 - 11% higher than hand fed fish.
Also dissolved oxygen levels were higher and less variable
in the ponds with demand feeders (Kindschi 1984) .
However, both authors were limited to using an Abernathy
diet in the demand feeders and Oregon Moist Pel lets for
the hand fed treatments, complicating comparisons between
feeding methods.

Sumari and Westman (1972) also recorded

better growth for demand-fed rainbow trout but were unable
to show a difference in size with analysis of variance.
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Several authors have stated that demand feeding
results in fish that are more uniform in size at harvest
than those fed by hand (Hastings 1972; Boydstun and
Patterson 1982; Zeigler et al. 1984) .

Studies with

rainbow trout by Avault (1981) and Laks and Godfriaux
(1981) also reported that size variability in rainbow
trout was less for demand fed fish.

In the present study,

variability was greater in rainbow trout fed by demand
feeders as opposed to hand feeding (coefficient of
variation

=

27.2 and 24.8, respectively) .

Kindschi (1984)

reported similar results, with greater length ranges for
demand fed fish.

Sumari and Westman (1972) could

distinguish no difference in weight-frequency
distributions for rainbow trout fed three times per day
compared with fish fed by a self-feeder.
Production
Daily weight gain was higher for the demand fed
fish than for those fed once per day by hand (Table 6) .
Percent daily weight gain for both feeding methods was
lower than that reported by Roell (1983) or Schuler (1984)
for hand fed fish raised under similar conditions.

In

raceways with colder water temperatures (mean = 5.8 C)
than in this study, Statler (1982) found percent daily
gain of demand fed fish to be 0.33%.

In contrast, percent

daily weight gain of fish using self feeders in a 146 day
experiment was 3.22% at a mean water temperature of 11. 8 c
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(Sumari and Westman 1972) .

Optimal growth in their study

occurred at water temperatures between 17. 4 and 19. 3 c
where gain per day was as high as 3. 9% (Sumari and Westman
1972) .
Rainbow trout in the hand fed treatment showed
signs of feeding activity within the first week of the
study, but did not exhibit the vigorous surface feeding
activity seen in other ponds until 18 May.

Attempts were

made to train fish to use the demand feeders by introducing
food near the trip wire as described by Landless (197 6) .
Initially, these efforts seemed unsuccessful.

On 6 May

the PVC pipe section protecting the trip mechanism was
replaced with a larger diameter section of the same
material.

This modification eliminated problems with food

jamming around the ball and reduced the amount of force
needed to actuate the mechanism.

After these changes were

made, observations of feeding activity in the demand
feeder treatment cages became more frequent.

Detailed

observation of fish using the demand feeders was hindered
by reduced water clarity, but feeding activity was often
initiated by a single fish nudging the trip wire which
resulted in the release of several pellets of food.

As

fish congregated to consume these pellets, their activity
centered around the trip wire and they would often strike
it again.

It is unknown whether this secondary activation

of the feeder was accidental or intentional.

Landless
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(197 6) observed that demand feeding occurred in periods of
aggregated feeding activity even while using a mechanism
which separated the trigger from the point of food
delivery.

This suggests that a releasing mechanism such

as the presence of food or the observation of other
feeding fish would remove a behavioral block (unless the
fish was satiated) and so result in aggregation of
feeding.

The observer could initiate a feeding bout by

manually activating the feeder (Landless 197 6) .

This was

also observed in the present study when cages with demand
feeders were jarred by impact of the boat or when demand
feeders were being filled causing small amounts of food to
be released.
In this experiment, food conversion ratios for
hand fed fish were significantly (P � 0. 01) lower than in
the demand fed treatment (Table 10) .

Food conversions in

the hand fed treatment were also less variable (range=3. 14
- 4. 64) than recorded for fish using demand feeders
(range= 6. 77 - 13. 17) .
Several factors may have contributed to the poor
food conversion ratios in the demand feeder treatment.
The most important of these would be poor feeder design.
The ball and funnel mechanism was difficult to adjust to a
setting where the rainbow trout would be able to obtain
food and yet not cause an excess amount to be released
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Table 10. Analysis of variance for the dependent
food conversion of cage-reared rainbow
(Salmo gairdneri) in a feeding methods
in an east central South Dakota dugout
between 1 8 April and 19 June 1984.
Source of
Variation

Degrees of
Freedom

Mean
Square

variable
trout
test
pond

F

Treatment
(Feeding method)

1

101. 20

56.79

**

Replicates

8

2.12

1.19

NS

Residual

8

1.7 8

**

Significant at the 0.01 level of probability.
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from the feeder.

The lack of uniformity in the size of

the pelleted food used in this study also contributed to
the difficulty in adj usting the feeders.

These problems

were probably the maj or cause of food wastage and a
factor in the variability in food conversion ratios within
the demand feeder treatment.

Another factor could be the

relatively low cage stocking densities used in this study.
Landless (197 6) noted that wastage was less in groups of
rainbow trout than with individuals.

Landless (197 6) also

found that in smaller groups of rainbow trout a single
dominant fish would be the only member of the group to
operate the feeder.

This territorial and heirarchical

behavior could have deleterious effects under certain
culture conditions.

An example of this may be seen in a

study by Pfeffer (1977 ) where demand feeders were compared
to hand feeding in shallow (approximately 0. 5 m deep) , 7 x
9 m ponds.

Total amounts of food used were similar for

each treatment but food conversions for hand fed fish were
21% better than for the demand fed fish.

Pfeffer (1977)

attributed this difference to wastage due to the small
area receiving food from the demand feeder compared to the
more even distribution by hand feeding.

This factor is

probably less important in the cage environment where less
dominant fish would have a greater opportunity to obtain
any excess food as it sinks through the water column.
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Water Quality
water quality characteristics monitored during
this study

were within generally acceptable limits for

culture of rainbow trout during most of the study period
(Appendix Table 2) .

Sampling was usually done in the late

afternoon before feeding and consequently the values
reported should approximate the daily maximums for
temperature and dissolved oxygen.

At the end of the study

surface temperatures reached the 7 day upper lethal
temperature limit for rainbow trout (Cherry et al. 1977) ,
but deeper cooler waters were available for refuge.
Dissolved oxygen concentrations were above saturation for
most of the early part of the study but became limiting in
June.

Piper et al. (1982) listed 5.0 mg/L of dissolved

oxygen as the minimum safe level for trout, with
reductions in growth and survival at lower concentrations.
In the last week of this study, dissolved oxygen
concentrations at a depth of 1.0 m were consistently less
than 5.0 mg/L and dropped to 2.6 mg/L on the evening of 18
June, necessitating harvest.
Un-ionized ammonia (NH 3 ) is commonly recognized as

toxic to fishes and other aquatic life.

At sublethal

concentrations NH 3 can result in reduced growth and greater

susceptibility to disease.

Concentrations at which

sublethal effects occur are affected by many factors such
as life stage, other ions present, water temperature, and
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dissolved oxygen concentration (Meade 1985) .

There is

substantial disagreement in the literature over the
concentrations at which sublethal effects begin to occur.
Colt and Armstrong (1981) suggest that concentrations of
0. 05 to 0. 20 mg/L of NH3 causes growth reductions in most
aquatic animals.

In the present study , concentrations of

NH3 exceeded 0. 05 mg/L in five of the last six sample

periods (12 May to 16 June) .

These concentrations were

measured in samples taken before feeding; in experiments
with sockeye salmon (Oncorhynchus nerka) , Brett and Zala
(1975) found post-feeding (4 hours after feeding) levels
of total ammonia to be four times the prefeeding levels .
Given these facts , it was possible that a reduction in
growth may have been brought about by sublethal
concentrations of un-ionized ammonia in the study pond.
This aspect of dugout fish production warrants further
investigation.
Conclusion
Demand feeding was evaluated as a technique for
producing larger fish than possible through hand feeding
within the constraint of the short growing season found in
eastern South Dakota dugout ponds.

In this respect it was

successful , producing rainbow trout of greater length ,
weight , and condition than the hand fed treatment.
However , poor demand feeder design resulted in inefficient
food conversion ratios.

Unless wastage can be reduced ,
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the benefit of increased growth with demand feeding will
not justify the added feed costs and the possibilty of
increased pond eutrophication rates.
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1985 Feeding methods test

Growth and survival
Rainbow trout in the demand feeder treatment had
significantly (P � 0. 01) greater lengths and weights at
harvest than those in the hand fed treatment (Tables 11 13) .

Relative weight was also significantly (P � 0. 05)

higher in the treatment with demand feeders (Table 14) .
Growth in this experiment was highly variable.
Many of the fish exhibited no growth or lost weight during
the study period.

The coefficient of variation for weight

in the demand and hand fed treatments equalled 62. 32 and
63. 49, respectively.

These values were the highest found

in any of the present studies by this author and were over
two times greater than the values recorded in the 1984
feeding methods test.
The poor growth and high degree of variability in
fish size can probably be attributed to high turbidity in
the pond throughout the study.

Secchi disk visibility

never exceeded 0. 40 m, and was often much lower ( Appendix
Table 3) .

Since rainbow trout are obligate visual feeders

(Ware 1972) , high turbidity may have prevented them from
locating the pelleted food.

This is supported by the fact

that the final harvest weights of 41. 4% of the hand fed
fish and 30. 0% of the fish in the demand feeder treatment
were less than the average weight at stocking.
of fish in the hand fed

Survival

treatment was significantly

44
Table 11. Growth, survival and production of cage-reared
r ainbow trout (Salmo gairdneri) in a feeding
methods test in an east central South Dakota
dugout pond between 11 April and 8 July 1985.
Feeding Method
Demand Feeder

Hand Fed

450

450

3 19

277

Number of fish
Initial
Final
Survival to harvest
period
Mean length (mm)
Initial
Final
Mean weight (g)
Initial
Final
Mean relative weight (Wr)

7 0. 9%

61. 6%

107. 3

107. 3

141. 9

129. 6

14. 6

14. 6

3 4.

7

24. 8

98. 7

93 . 6

Mean food conversion

4. 57

7. 7 6

Mean daily weight gain (g) a

0. 24

0. 12

Percent daily weight gain

1. 64

0. 82

Mean biomass gain (kg/m 3 )

0. 5 0 0

0. 0 3 2

a

Based on number of days fed (84 out of 88 days held) .
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Table 12. Analysis of variance for the dependent variable
length of cage-reared rainbow trout (Salmo
gairdneri) in a feeding methods test in an east
central South Dakota dugout pond between 11 April
and 8 July 1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

21715. 52

14. 66

Replicates

8

1451. 93

2. 13

Trt

8

1481. 77

2. 17

*

Rep

Residual

**
*

578

683. 18

Significant at the 0. 01 level of probability.
Significant at the 0. 05 level of probability.

**
*
*
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Table 13. Analysis of variance for the dependent variable
weight of cage-reared rainbow trout (Salmo
gairdneri) in a feeding methods test in an east
central South Dakota dugout pond between 11 April
and 8 July 1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

14019. 32

16. 89

Replicates

8

781. 81

2. 22

Trt

Rep

8

830. 00

2. 36

Sampling error

578

352. 23

**
*

*

Significant at the 0. 01 level of probability.
Significant at the 0. 05 level of probability.

**
*
*
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Table 14 . Analysis of variance for the dependent variable
relative weight (Wr) of cage-reared rainbow trout
(Salmo gairdneri) in a feeding methods test
in an east central South Dakota dugout pond
between 11 April and 8 July 1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

3699.12

9 . 72

*

Replicates

8

362 . 95

1.6 8

NS

Trt

8

380. 75

1.7 6

NS

57 8

2 15. 89

*

Rep

Residual

*

Significant at the 0. 05 level of probability.
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· (P 5 0. 05) lower than that found in the demand fed
treatment (Table 15) .

Observation of fish activity and

accurate visual assessment of mortality was difficult due
to the high turbidity.

A low level of mortality was

observed in both treatments beginning in the last week of
June, and showed a marked increase on 5 and 6 July; all
fish were harvested on 8 July.
Production
Daily weight gain in the demand feeder treatment
was approximately twice that found for the hand fed fish
(Table 11) .

Percent daily weight gain of fish utilizing

demand feeders was slightly lower in this study (1. 64%)
than found in the feeding methods study conducted in 1984
(1. 85%) .
Demand feeders were installed and hand feeding
begun on 14 April.

No feeding activity was observed in

the demand feeder treatment until 5 May or in the hand fed
treatment until 6 May.

Characteristics of feeding

behavior were similar to those described in the 1984
experiment and the reader is advised to refer to that
section for a more detailed discussion of the literature.
Periodic sampling showed little change in weight of hand fed
fish over the first five sampling dates (2 May through 15
June) and then an approximate doubling by 5 July.

A

similar trend was seen in the demand feeder treatment.
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Table 15. Chi-square analysis for the dependent variable
survival of cage-reared rainbow trout (Salmo
gairdneri) in a feeding methods test in an east
central South Dakota dugout pond between 11 April
and 8 July 1985.
Number of fish at harvest

Feeding method

Alive

Dead

Demand feeder

319

131

Hand fed

277

173

7( 2 =
*

5 . 92

*

( 1 d. f. )

Significant at the 0.05 level of probability.
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Mean food conversion efficiencies for the demand
fed fish were better (although not significant at the 0. 05
level; Table 16) than found for the hand fed treatment
(4. 57 versus 7. 76, respectively) .

There was also less

variation in the values for food conversion in the demand
feeder treatment (range

=

3. 32 - 7. 34) compared to those

for the hand fed fish (range = 3. 59 - 19. 07) .

These

results contrast with those of the 1984 feeding methods
test where the demand feeder treatment had both higher and
more variable food conversion ratios.

The change in the

hand fed treatment was probably a result of high turbidity
as discussed earlier.

High turbidity could have

effectively reduced the availaility of food even if
offered in excess.

This is supported by the comparatively

low values found for relative weight (Table 11) which
suggests an insufficient food intake.

In the demand fed

treatment an improved food release mechanism was the major
factor in the increase in efficiency.

The new design

could be adjusted more accurately to release a constant,
smaller amount of food and so reduced waste.

In a less

turbid pond it is conceivable that the food conversion
ratios could have been better than those found in this
study.

Allen (1986) found food conversion ratios for

rainbow trout fed by automatic feeders, demand feeders,
and by hand to be 3. 0, 3. 5, and 3. 4, respectively.

That

study was performed in an eastern South Dakota gravel pit
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Table 16. Analysis of variance for the dependent variable
food conversion of cage-reared rainbow trout
(Salmo gairdneri) in a feeding methods test in
an east central South Dakota dugout pond
between 11 April and 8 July 1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

F

Treatment
(Feeding method)

1

45. 73

3. 25

NS

Replicates

8

11. 18

0. 79

NS

Residual

8

14. 06
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under similar temperature conditions but with greater
water clarity and slightly higher dissolved oxygen
concentrations.
Water quality
Measured values for temperature and dissolved
oxygen were not limiting to rainbow trout growth or
survival until late June (Appendix Table 3) .

Turbidity

could have been limiting to growth in the context of
reduced feeding effectiveness as described in previous
sections.

On 7 July, surface water temperature was 32 C

which is well above the 25 c 7 day upper lethal
temperature limit described by Cherry et al. (1977) .

At

that time, fish in most of the cages were showing signs of
stress (piping at the surface; rolling on their sides; and
slow, listless swimming activity) .
Conclusion
The high turbidity present throughout the study
period probably had a negative impact on the efficiency of
both feeding methods and so reduced growth.

Despite this,

demand fed fish grew better than hand fed fish as
expressed in greater length, weight, and relative weight
at harvest.

An improved food release mechanism in the

demand feeders resulted in less food wastage and also
reduced the variability in food conversion ratios compared
to the 1984 feeding methods test.

The efficiency of

demand feeding could probably be increased by using higher
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cage stocking densities than used in the present study.
Higher densities would reduce heirarchical effects,
promote learning of demand feeding behavior, and increase
the probability that more of the food delivered would be
consumed.
1 9 8 5 strain performance test

Strain origins
Kincaid (1981) defines a strain as " a fish
population that exhibits reproducible physiological,
morphological, or cultural performance characteristics
that are significantly different from other fish
populations".

These populations arise from adaptations to

particular environments through natural selection or
through selective breeding for desired characteristics.
Salmonids are particularly suited to this selection
process because of their high fertility and the relatively
large values expressed for heritability of traits such as
growth rate or disease resistance (Gjedrem 197 6) .
Hildebrand strain rainbow trout were obtained from
Trout Haven Ranch, Buffalo Gap, South Dakota.

The fish

were hatched on 3 December 1984 and had been on feed for
112 days prior to stocking in the study pond.

The earthen

ponds at Trout Haven Ranch have a spring-fed water supply
and maintain a constant flow of water at 15. 6

c.

Eggs

were bought from Mt. Lassen Trout Farms, Red Bluff,
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California, where the Hildebrand strain was developed.
The original mating in the early 1960 ' s was between fish
raised from eggs of Kamloops strain rainbow trout obtained
from Troutlodge (commercial supplier) , McMillan,
Washington and Coleman National Fish Hatchery, California
(personal communication, Keith Brown, Mt. Lassen Trout
Farms) .

Within the six or seven families of broodstock

maintained, selection is based on a number of traits,
emphasizing good growth and food conversions.
Kamloops strain rainbow trout were provided by
Cleghorn Springs State Fish Hatchery, Rapid City, South
Dakota.

The fish were hatched on 1 November 1984 and had

been on feed for 143 days prior to stocking.

Water

temperature at the Cleghorn hatchery is 11. 2 C.

Eggs were

obtained from broodstock maintained at the hatchery since
introduction in 1975 from Troutlodge, McMillan, Washington.
This strain exhibited average growth in the hatchery with
good food conversions and good growth after stocking
(Kincaid 1981) .
Growth strain rainbow trout were also obtained
from the Cleghorn Springs hatchery.
October 1984.

Hatching date was 22

The fish had been on feed for 155 days

prior to stocking in the study pond.

The Growth strain

was originally developed at the U. s . Fish and Wildlife

Service Fish Genetics Laboratory in Beulah, Wyoming, and
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introduced to the Cleghorn Springs hatchery in 1975
(Kincaid 1981) .

The original mating in 1967 was between

fall spawning rainbow trout strains taken from Manchester
National Fish Hatchery, Iowa, and Wytheville National Fish
Hatchery, Virginia (Kincaid et al. 1977) .

Selection for

accelerated growth rate was based on measurements of
family mean fish weight at 147 days after fertilization .
Kincaid (1981) listed fast growth in the hatchery and
excellent food conversion among the characteristics of
Growth strain rainbow trout.
Because rainbow trout of the Hildebrand strain
were obtained from a different source than that of the
Growth and Kamloops strains, some caution must be
exercised in interpreting the results of this experiment.
Compensatory or recovery growth can occur when favorable
conditions follow periods of restricted or nutritionally
deficient rations (Weatherley and Gill 1981 ; Shell 1983)
or periods of stress brought about by factors such as high
\

rearing densities (Refstie 1977) .

This increased growth

due to nutritional history or the removal of limiting
factors can confound experimental results and mask true
treatment effects (Shell 1983) .
To address this problem an analysis of variance
was performed on the sample of initial weights and lengths
from each strain (Appendix Tables 5 - 10) .

Initial

weights and lengths of Hildebrand strain fish were
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significantly (P � 0. 0 1) lower than those of the Growth
and Kamloops strains which were not significantly (P >
0. 05) different.

Relative weights of Hildebrand strain

trout were not significantly (P > 0. 05) different than
those of Growth strain trout, but both were significantly
(P � 0. 0 1) lower than fish of the Kamloops strain.
Initial relative weight means for the Hildebrand, Growth,
and Kamloops strains were 114. 8, 116. 3, 122. 6,
respectively.

Anderson (1980) stated that a relative

weight value of 100 indicates a population with no
production or environmental problems.

Values greater than

100 should be indicative of populations raised under more
optimal conditions.

These conditions would be

characteristic of a hatchery facility where feeding rate
and environment are optimized to promote production.
Based on these findings, the assumption is made that no
substantial limiting factors were present in the early
life history of the fish used in this study and the
differences found at harvest were due to treatment effect
and not compensatory growth.
Growth and survival
Mean length at harvest for Hildebrand strain
rainbow trout was significantly (P � 0. 0 1) greater than
that found for the Kamloops strain (Tables 17 - 19) .

The

mean length for Growth strain fish was significantly (P �
0. 0 1) lower than that of either the Hildebrand or Kamloops
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T able 17. Growth, surviva l and production of ca ge-reared
r ainbow trout (Sa lmo gairdneri) in a strain
performance test in an east centra l South D a kota
dugout pond between 11 April a nd 7 June 1985.
strain
Growth

Hildebrand

Kamloops

250

250

250

221

248

242

Number of fish
Initia l
Fina l
Surviva l to ha rvest
period
Mean length (mm)
Initia l
Fina l
Me an weight {g)
Initia l
Fina l
Me a n relative weight (Wr)
Me an food conversion

88. 4%

99. 2%

96. 8%

107. 3

101. 3

105. 4

1 3 1. 5

147. 0

1 3 5. 1

14. 6

12. 2

14. 6

24. 7

3 7.

7

26. 5

99. 2

106. 5

99. 6

4. 00

2. 08

3 . 51

Me an da ily weigbt gain (g) a 0. 19

0. 48

0. 22

Percent daily weight gain

1. 3 0

3. 9 3

1. 51

Me an biomass gain (kg/m 3 )

0. 36 3

1. 260

0. 552

a

B ased on number of days fed (5 3 out of 58 days held) .
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Table 18. Analysis of variance for the dependent variable
length of cage-reared rainbow trout (Salmo
gairdneri) in a strain performance test in an east
central South Dakota dugout pond between 11 April
and 7 June 1985.
Mean
Square

Source of
Variation

Degrees of
Freedom

Treatment
(Strain)

2

15409. 78

50 . 09

Replicates

4

1595. 20

6 . 15

**
**

8

307. 66

1 . 19

NS

696

259. 47

Trt

*

Rep

Residual

**

F

Significant at the 0. 01 level of probability .

Table 19. Results of a Wal ler-Duncan t-ratio � test for the
dependent variable length of cage-reared rainbow
trout (Salmo gairdneri ) in a strain performance
test in an east central South Dakota dugout pond
between 11 April and 7 June 1985.
Mean length (mm)
Growth

Kamloops

Hildebrand

131. 5

135. 1

147 . 0

Underscored means are not significantly different
C k-ratio

=

100 ) .
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strains.

Hildebrand strain fish had significantly (P �

0.01) greater values for mean weight and relative weight
at harvest than either the Kamloops or Growth strains
(Tables 20 - 23) .

No significant (P > 0.05) difference

was detected between the Growth and Kamloops strains for
the variables weight or relative weight.
Periodic sampling of fish weights from each strain
showed Hildebrand strain rainbow trout to have the best
growth rate.

Although Hildebrand strain trout were

initially smaller than the Growth or Kamloops strains,
fish in all three strains were approximately equal in
weight at the first sampling date (2 May) .

By 13 May,

samples showed the Hildebrand strain (mean weight = 28.8
g) to be substantially heavier than the Growth or Kamloops
strains (mean weights of 19.6 and 20.8 g, respectively) .
This trend continued through the study period.

Sampling

indicated the Kamloops strain fish to have a slightly
greater weight increase than the Growth strain rainbow
trout, but the two strains were not significantly (P >
0.05) different at harvest.
Independent chi-square comparisons showed Growth
strain fish to have significantly (P � 0.01) lower
survival than either the Hildebrand or Kamloops strains
(Table 24) .

Survival of the Hildebrand and Kamloops

strains was not significantly (P > 0. 05) different.
Falconer (1981) listed three main sources of
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Table 20. Analysis of variance for the dependent variable
weight of cage-reared rainbow trout (Salmo
gairdneri) in a strain performance test in an east
central South Dakota dugout pond between 11 April
and 7 June 1985.
Mean
Square

Source of
Variation

Degrees of
Freedom

Treatment
(Strain)

2

11769. 09

60. 48

Replicates

4

716. 27

4. 42

**
**

Trt

8

194. 59

1 . 20

NS

696

161. 97

*

Rep

Residual

**

F

Significant at the 0. 01 level of probability.

Table 21. Results of a Waller-Duncan k-ratio ! test for the
dependent variable weight of cage-reared rainbow
trout (Salmo gairdneri) in a strain performance
test in an east central South Dakota dugout pond
between 11 April and 7 June 1985.
Mean weight (g)
Growth

Kamloops

Hildebrand

24. 73

26. 50

37. 71

Underscored means are not significantly different
C k-ratio = 100 ) .
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Table 22. Analysis of variance for the dependent variable
relative weight (Wr) of cage-reared rainbow trout
(Salmo gairdneri) in a strain performance test
in an east central South Dakota dugout pond
between 11 April and 7 June 1985.
Mean
Square

Source of
Variation

Degrees of
Freedom

Treatment
(Strain)

2

4005.30

10.34

**

Replicates

4

938.55

8.12

**

Trt * Rep

8

387.46

3.35

**

Residual

696

115.52

F

* * Significant at the 0.01 level of probability.

Table 23. Results of a Waller-Duncan k-ratio t test for the
dependent variable relative weight (Wr) of cage
reared rainbow trout (Salmo gairdneri) in a strain
performance test in an east central South Dakota
dugout pond between 11 April and 7 June 1985.
Mean relative weight (Wr)
Growth

Kamloops

Hildebrand

99.17

99.59

106.47

Underscored means are not significantly different
(k-ratio = 100) .
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Table 24. Chi-square analysis for the dependent variable
survival of cage-reared rainbow trout (Salmo
gairdneri) in a strain performance test in an
east central South Dakota dugout pond between
11 April and 7 June 1985.
Strain

Number of fish at harvest
Dead

Alive
Growth

221

29

Kamloops

242

8

Hildebrand

248

2

-x
**

2= 3 2 . 62

**

( 2 d.f.)

Significant at the 0.01 level of probability.

Chi-square independent comparisons between treatments
Growth

Kamloops

Hildebrand

63
variation in phenotypic response (expressed as growth,
production, survival, ect. ) , these were: 1 ) environmental
effects, 2 ) genotypic effects, and, 3 ) effect of genotype
x environment interactions.

An interaction may take the

form of an environmental condition having a differential
effect on one genotype (strain) compared to another or it
may cause a change in the ranking of genotypes when
evaluated in different environments (Falconer 1981 ) .
Ayles and Baker (1983) found the greatest share (13 - 97 %)
of the variation in growth and survival of rainbow trout
strains stocked in Canadian lakes to be caused by
environmental effects, but strain effects and strain x
environment interactions also accounted for large portions
(2 - 28%) of the total variability.

In earlier experiments

testing the effects of rearing density on growth of rainbow
trout strains, Gall (1969) found that the results indicated
a genotype x environment interaction expressed by changes
in relative ranking of strains over density levels.

Gall

(1969) suggested that the same type of interaction was
likely to occur under the effect of other environmental
gradients such as water quality, temperature, or
nutritional level.

Klupp et al. (1978 ) found strain x

environment interactions in rainbow trout stocked in ponds
and net pens that were independent of average genotypic
performance.

McKay et al. (1984 ) found significant (P

0. 05) genotype x temperature interactions for growth

s

of
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rainbow trout raised at 7 and 15 c, and suggested the
possibility of developing temperature specific strains to
improve growth rates.
Gall (1969) suggested that genotype x environment
interactions such as those described above are more likely
to occur in fish than commonly expected for other
domesticated animals.

When significant interactions are

present, development and evaluation of strains for
specific environments may be necessary to optimize
production (Falconer 1981) .
Production
Percent daily weight gain for the Hildebrand strain
rainbow trout (3. 93%) was over twice that recorded for the
Kamloops or Growth strains (1. 51 and 1. 30%, respectively;
Table 17) .

The gain/day obtained for the Hildebrand

strain is intermediate to the values reported by Roell
(1983) and Schuler (1984) for Growth strain rainbow trout
raised under similar conditions.

The Growth strain fish

used in the present study were obtained from the same
source used by the authors listed above, but the
production results they reported were higher than found
for the Growth strain in the present study.

Percent daily

weight gains recorded for the Kamloops and Growth strains
are comparable to the rates of gain found for Growth
strain fish in the 1984 stocking density test and in the
hand fed treatment of the 1984 feeding methods test.
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In eastern south Dakota dugout ponds, a strain
adapted to warmer water could have an advantage in growth
and survival.

The Hildebrand strain used in the present

study performed better in the warm water pond environment
than did the Growth or Kamloops strains.

The suitabilty

of the Hildebrand strain to this type of environment is
supported by the results of Ayles and Baker (1983) who
estimated Hildebrand (Mt. Lassen) strain trout to have the
highest mean weight and second highest production of seven
strains of rainbow trout stocked in small, shallow lakes
in central Canada.

Another possible strain for use in our

area is the Redband rainbow trout.

This warm water

adapted strain has been cultured in water temperatures up
to 28. 9 C in Texas (Rutledge 1973, unpublished report
cited in Sonski 1983) .

Sonski (1983) stocked fingerling

(36. 3 g) Redband trout in earthen ponds in central Texas
during the winter and transferred them to indoor tanks for
the summer. Mean daily surface water temperatures (mean of
morning and afternoon measurements)
ponds and 23. 9 C in the tanks.

reached 26. 7 C in the

After approximately 365

days, the fish were harvested at an average weight of
703. 1 g (Sonski 1983) .
Mean food conversion ratios for the three strains
are listed in Table 17.

Hildebrand strain trout were

significantly (P � 0. 01) more efficient in the conversion
of food to body weight (Table 25 - 26) .

The Kamloops and
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Table 25. Analysis of variance for the dependent variable
food conversion of cage-reared rainbow trout
(Salmo gairdneri) in a strain performance test
in an east central South Dakota dugout pond
between 11 April and 7 June 1985.
Degrees of
Freedom

Source of
Variation

Mean
Square

F

Treatment
(Strain)

2

4. 979

28. 04

**

Replicates

4

0. 641

3 . 61

NS

Residual

8

0. 178

**

Significant at the 0. 01 level of probability.

Table 26. Results of a Waller-Duncan t-ratio � test for
the dependent variable food conversion of cage
reared rainbow trout (Salmo gairdneri) in a
strain performance test in an east central South
Dakota dugout pond between 11 April and 7 June
1985.
Mean food conversion ratio
Growth

Kamloops

Hildebrand

4. 00

3. 51

2. 08

Underscored means are not significantly different
C t-ratio

=

100) .
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Growth strains did not differ significantly (P > 0. 05) in
food conversion ratio.
Feeding began on 13 April 1985.

Fish in all three

treatments (strains) were observed feeding near mid-depth
in the cages during the first week.

By 18 April,

Hildebrand strain trout were feeding vigorously at the
surface as food was dropped into the cage.

All three

strains of fish exhibited surface feeding activity by 5 May.
Hildebrand strain rainbow trout were the most aggressive
feeders throughout the study, followed by Kamloops strain
and Growth strain fish.
Water quality
Temperature and dissolved oxygen concentrations
were not limiting until early June (Appendix Table 4) .
During a period of several warm, overcast days from 5 to 7
June, which probably reduced photosynthetic oxygen
production, dissolved oxygen concentrations in the pond
dropped to or below the minimum accept"able level.

Fish in

all treatments showed signs of stress and the mortality
rate increased.

All fish were harvested on 7 June.

Conclusion
Due to the short growing season and small size at
stocking, none of the fish in the strain performance test
reached a marketable size (200 g) .

Growth of Hildebrand

strain rainbow trout was better than achieved in any of
the present studies conducted in eastern South Dakota
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by this author.

Further evaluations of the Hildebrand

strain or more heat tolerant strains such as the Redband
usable-sized trout.
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Nutritional Analysis
Lovell (1980) stated that the two main marketing
advantages of fish are sensory quality (taste) and
nutritional value .

To complement the palatability tests

carried out by Vodehnal (1982) nutritional analyses were
performed on rainbow trout raised in the strain
performance test during the present study.

The results of

these analyses are listed in Table 2 7 .
Direct comparison of the values obtained with
these analyses to others in the literature is difficult.
Variation in body composition measurements can result from
the choice of sampling method (e. g. fillet versus whole
body samples) or from the analysis technique employed (Lee
et al. 1966) .

Body composition is also affected by age

(Groves 1970 ; Denton and Yousef 1976), family or strain of
fish (Austreng and Refstie 197 9 ; Reinitz et al. 1979),
diet composition (Papoutsoglou and Papaparaskeva
Papoutsoglou 197 8 ; Reinitz and Hitzel 1980), temperature,
and ration level (Brett et al. 1969 ; Elliot 1976).

The

interrelation of these factors makes the concept of a
standard for body composition unworkable.

As a general

comparison, percentages of moisture, protein, fat, and
ash in fish raised in this study were within the ranges
reported for rainbow trout in the studies

cited above

(Table 2 8).
An analysis of variance was completed for each of
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Table 27. summary of results from a nutritional analysis
of rainbow trout (Salmo gairdneri) raised in a
strain performance test in an east central South
Dakota dugout pond between 11 April and 7 June
1985.
Strain
Growth

Kamloops

Hildebrand

Moisture (%)
Mean
SD

73. 73
0. 96

73. 38
0. 60

72 . 23
1 . 02

Protein
(% wet weight)
Mean
SD

19. 28
1. 20

19. 64
0. 59

19 . 90
0 . 63

Fat
( % wet weight)
Mean
SD

5. 88
0. 99

5 . 51
0. 79

6. 87
1. 08

Ash
(% wet weight)
Mean
SD

2. 05
0. 23

1. 95
0 . 13

1 . 97
0 . 15

Ta b l e 2 8 . Re s u l t s o f n u t r i t iona l a n a l y s e s o f r a i nbow t ro u t ( S a l mQ ga i rd n e r i )
_ reported i n the l i terature .
Fish
weight

A u t ho r
Au s t r e n g a n d
Re f s t i e 1 9 7 9

(g)

300

-

400

Trea tme n t

Mo i s t u r e
(%)

Protei n
(%)

Fa t
(%)

Ash
(%)

wh o l e bod y a na l y s i s
f o u r p ro t e i n l eve l s
I ( 24 % )
I I ( 3 3% )
III ( 42% )
IV ( 51 % )

65. 2
65. 4
66 . 3
67 . 1

17.8
17 . 7
18.2
18 . 3

13.9
11.3
11.3
12.0

1.9
1.9
1 .9
2.0

1 . 92
2 . 33

1 . 99
2 . 52

Pa pou t s og l ou a n d
Pa p a p a r a s k e va Pa pou t s og l o u 1 9 7 8

239

wi l d t ro u t s ampl e s
f i l lets
who l e body

7 6 . 83
78. 84

1 9 . 36
16 . 4 8

R e i n i t z a nd H i t z e l
1 980

<20

v a r i ed
l e ve l s
PR9
1
2
3
4
5
6
7
8

74. 5
72.0
71.2
69 . 9
69 . 6
75. 2
73. 3
71.5
70.6

15.5
14 . 7
14.0
14 .0
13.9
15 . 1
15.3
14 . 5
14.3

74.0
73. 0
7 3. 1
73. 2
74. 0
75 . 0

15.5
15. 5
15. 7
15 . 5
15. 3
l5.2

Reinitz et a l
1 979

20

prote i n , l i pid
in diet ( P , L )
( 43, 9)
( 36 , 1 4 )
( 35 , 1 8 )
( 36 , 23 )
( 35 , 27 )
( 27 , 8 )
( 26 , 1 1 )
( 26 , 1 4 )
( 26 , 1 7 )

s t r a i n compa r i s o n
MC x S S
J\G x S S
SS x SS
l\ G x F L
l\ G x N Z

J\ K x

SS

7.2
10. 4
12.6
13.7
14.0
6.7
8.3
11.3
12.4

2.3
2.3
2.2
2.3
2.2
2.4
2.3
2.3
2.3
2.3
2. 4
2.5
2.4
2.5
2.4
._J

I-'
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the dependent variables moisture, protein, fat, and ash as
percentages of body composition (Tables 29 - 34) .
These results are presented primarily for descriptive
purposes.

Differences between strains may not be due

solely to treatment effect, but may include variation
carried over from differences in culture conditions
(nutrition, temperature, ect.) at the two facilities
supplying rainbow trout for this study.

No significant

(P > 0.05) difference was found among the Growth,
Kamloops, or Hildebrand strains for percent protein or
ash.

The moisture content of samples from Hildebrand strain

trout was significantly (P 5 0.01) lower than that found
in either the Growth or Kamloops strains, which were not
significantly (P > 0.05) different.

Significant (P <

0.01) differences in percent fat were found between each
of the three strains of rainbow trout.
Changes in moisture and fat as percentages of body
composition often occur together.

In this study,

Hildebrand strain trout had a higher fat and lower
moisture content than the other two strains.

Many authors

have documented this inverse relationship between fat and
moisture (Brett et al. 1969; Denton and Yousef 197 6;
Elliot 197 6; Reinitz and Hitzel 1980; Reinitz 1983; among
others) .

Reinitz (1983) stated that surplus energy stored

as fat will replace body water but has no adverse effect
on protein deposition.

This stored energy is readily
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Table 29. Analysis of variance for the dependent variable
moisture as a percentage of body composition of
cage-reared rainbow trout (Salmo gairdneri) in a
strain performance test in an east central South
Dakota dugout pond between 11 April and 7 June
1985.
Mean
Square

F

2

1 1 . 643

13. 67

Replicates

11

0. 932

3. 52

Trt

22

0. 852

3. 22

8

0. 265

Source of
Variation
Treatment
(Strain)

*

Rep

Residual

Degrees of
Freedom

**
*
*

** Significant at the 0. 01 level of probability.
* Significant at the 0. 05 level of probability.
Table 30. Results of a Waller-Duncan t-ratio t test for the
dependent variable moisture as a percentage of
body composition of cage-reared rainbow trout
(Salmo gairdneri) in a strain performance
test in an east central South Dakota dugout pond
between 11 April and 7 June 1985.
Mean percent moisture
Growth

Kamloops

Hildebrand

73. 73

73. 38

72. 23

Underscored means are not significantly different
(t-ratio = 100) .
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Table 31. Analysis of variance for the dependent variable
protein as a percentage of body composition of
cage-reared rainbow trout (Salmo gairdneri) in a
strain performance test in an east central south
Dakota dugout pond between 11 April and 7 June
1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

Treatment
(Strain)

2

1. 186

1 . 68

NS

Replicates

11

0. 588

0 . 80

NS

Trt

22

0. 704

0 . 96

NS

26

0. 734

*

Rep

Residual

F
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Table 32. Analysis of variance for the dependent variable
fat as a percentage of body composition of cage
reared rainbow trout (Salmo gairdneri) in a
strain performance test in an east central South
Dakota dugout pond between 11 April and 7 June
1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

Treatment
(Strain)

2

9. 553

6 . 08

Replicates

11

1. 620

14 . 88

Trt

22

1. 571

14 . 44

32

0. 109

*

Rep

Residual

**

F

**
**
**

Significant at the 0. 01 level of probability.

Table 33. Results of a Waller-Duncan t-ratio t test for the
dependent variable fat as a percentage of body
composition of cage-reared rainbow trout (Salmo
gairdneri) in a strain performance test in an
east central South Dakota dugout pond between
11 April and 7 June 1985.
Mean percent fat
Growth

Kamloops

Hildebrand

5. 88

5. 51

6. 87

Underscored means are not significantly different
(k-ratio = 100) .
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Table 34. Analysis of variance for the dependent variable
ash as a percentage of body composition of cage
reared rainbow trout (Salmo gairdneri) in a
strain performance test in an east central South
Dakota dugout pond between 11 April and 7 June
1985.
Source of
Variation

Degrees of
Freedom

Mean
Square

Treatment
(Strain)

2

0. 022

1 . 05

NS

Replicates

11

0.033

0.68

NS

Trt

22

0.021

0.42

NS

9

0. 049

*

Rep

Residual

F
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metabolizable and may spare structural proteins
(musculature) from being broken down for energy in times
of stress (Reinitz 1983) .
Economic considerations
Feasibility
Several assessments have been made of the
econonomic feasibility of raising rainbow trout in this
region.

Murnyak and Murnyak (1983) investigated the

aquaculture potential of several fish species in central
Minnesota lakes and found rainbow trout culture to be the
most economical.

In their study, production costs (for a

10 month growing season) ranged from $ 3.00 -

$ 8.00/kg

(dressed weight) depending on whether or not labor costs
were included.

Citing then current retail prices ranging

from $ 6.50 - $ 11.00/kg, they felt that rainbow trout
culture had commercial potential if a suitable coldwater
lake could be employed (Murnyak and Murnyak 1983) .

From

data gathered in cage culture experiments in North Dakota
lakes, Hahn (1974) estimated that an operation
experiencing similar circumstances would realize financial
losses ranging from 61.25 to 87.84% even before the
addition of labor costs.

In that study, poor survival due

to the shallow (0.91 m deep) cages confining the rainbow
trout to the hotter surface waters was the major
contributor to the projected financial losses.

In eastern
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South Dakota dugout ponds, Roell (1983) estimated a
production cost of $ 6. 91/kg (cage and labor costs
excluded) for rainbow trout raised in cages from 35 to 100
g.

Schuler (1984) projected a production cost of $

4. 26/kg (cage prorated, labor costs excluded) for rainbow
trout raised from 66 to 190 g over a 60 day growing
season.
In this study, the best growth and food
conversions were obtained using Hildebrand strain trout.
Using growth data from this strain and actual food and
fingerling costs ($ 0. 51/kg and $ 160. 00/1000 fish,
respectively) , the production cost of raising the fish
from 12. 2 to 37. 7 g was $ 7. 32/kg (excluding cage and
labor costs) .

Under the restriction of a short growing

season such as found in eastern South Dakota, initial
fingerling costs make up the greatest share of the total
cost (85. 6% in this study) .

If the growing season could

be extended through the use of a more favorable body of
water (cooler temperatures) or by a more heat tolerant
strain, then further growth could be achieved with a
relatively low additional expenditure for feed.

Without a

lengthening of the growing season however, the high
initial cost of fingerlings will continue to restrict the
feasibility of culture operations.
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Cage size and design
Although 1. 0 m 3 rectangular cages were used in
this study, they would not necessarily be the most
economical choice for a producer.

Small cages were used
On a

because of the need for statistical replication.

production basis the use of one or two larger cages would
be recommended.
economization.

Cage design is another area for
Rectangular cages were chosen by Roell

(198 3 ) on the premise that the greater surface area
(compared to cylindrical cages) would allow more water
circulation.

Comparisons of dissolved oxygen

concentrations inside and outside these cages were not
made to test the effectiveness of this design.

Sawchyn

(1984) used cylindrical cages 2. 44 m in diameter made of
nylon netting with a mesh size of 6. 4 mm (mesh size = 12. 7
mm in this study) .

In that study, which was also carried

out in dugouts, dissolved oxygen concentrations measured
inside the cages were never more than 0. 7 mg/L less than
the concentrations outside the cage.

This would seem to

indicate that use of cylindrical cages would not result in
substantial depression of dissolved oxygen concentrations,
especially if constructed of the plastic mesh used in the
present study.

Considering that cylindrical cages such as

described by Jensen (1981) can be constructed with
approximately 40% less plastic mesh material than required
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for a rectangular cage of equal volume , a reduction in
construction costs could be realized.

Cylindrical cages

would also be easier to contruct , require less material
for structural support , and be simpler to transport and
store (collapsible) than rectangular cages.
Effects on the environment
Bodies of water containing cage culture operations
are subject to high nutrient loading from waste food ,
feces , and metabolites.

Sawchyn (1984) reported that in a

plastic-lined dugout used for rainbow trout culture in
Sakatchewan , water quality deteriorated in the second year
of culture due to nutrient loading.

In a 47. 3 ha

mesotrophic lake in Poland , Penczak et al. (1982 ) found
that a cage culture operation enriched the lake with 0. 75
kg c , 0. 023 kg P , and 0. 10 kg N for every kilogram of
rainbow trout produced.

This source of nutrients has had a

major impact on the eutrophication of the lake (Penczak et
al. 1982) .
This nutrient loading has been reported to have
mixed effects on resident fish populations.

Penczak et

al. (1982) , reported that increased eutrophication from
rainbow trout culture operations was linked to the
cessation of spawning by native coregonids and was
expected to cause their eventual disappearance.

In

contrast , Kilambi (1981) found that largemouth bass
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(Micropterus salmoides) populations increased during
periods of channel catfish (Ictalurus punctatus) and
The population

rainbow trout cage culture operations.

expansion was attributed to enhanced survival due to
increased zooplankton and prey fish standing crops.
Although the forage standing crops declined after cage
culture operations ceased, they remained higher than found
in the pre-culture period (Kilambi 1981) .
CONCLUSION

None of the fish raised in these studies reached a
marketable size (200 g) .

This was a result of the short

growing season (approximately 60 days) and the small size
of fingerlings at stocking.
Experiments to determine the maximum cage stocking
density in dugouts were discontinued.

It was felt that

the carrying capacity of the pond would be exceeded by the
number of fish needed for statistical replication before a
cage density effect would have appeared.

Maximum cage

densities for a dugout environment are probably greater
than used in this study, but considerably less than
recommended for larger bodies of water.
Demand feeding produced fish of larger size and
better condition than hand feeding in each of the two
years the test was conducted.

An improved feeder design

82

in the second year reduced food wastage, but a true
measurement of efficiency was not possible due to poor
water quality.
Hildebrand strain rainbow trout achieved greater
mean lengths and weights and were in better condition than
trout of the Growth or Kamloops strains.

Hildebrand

strain trout were also more efficient in converting food
to body weight than the other two strains.
Any further cage culture studies in eastern South
Dakota should focus on the use of more heat tolerant
strains of rainbow trout.
possibility.

The Redband strain is one

The use of a warm water adapted strain in

combination with demand feeding or other improved feeding
methods may lead to greater success in raising usable
sized rainbow trout.
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Appendix Ta ble 1. Record o f w a t er qua l it y ch aracteristics monitored during a
stocking densit y test f or ca ge-reared rainbow trout ( Salmo
gairdneri ) in an east central South Dakot a dugout pond between
18 Apri l and 12 June 1984.

4 - 17

4 - 26

5- 04

Da t e
5- 12

5- 2 1

5- 27

6 - 04

9. 5
9. 2
8. 9
8. 2
7. 6

13. 5
13. 2
10. 0
9. 8
9. 5

10. 5
10. 0
9. 8
7. 5
7. 0

15. 5
15. 0
13. 0
8. 8
8. 0

19. 9
18. 5
18. 0
12. 0
9. 8

14 . 0
14 . 0
14 . 0
12. 8
11. 0

19. 2
19. 0
17. 5
12. 0
11. 3

11. 0
9. 6
9. 0
8. 6
8. 0

12. 2
11. 2
10. 0
10. 4

5. 6
5. 0
8. 2
8. 2

10. 4
10. 4
10. 2
9. 4

6. 8
6. 4
5. 8
3. 0

6.8
7. 0
6. 0
4. 0

6. 8
6. 6
6. 0
3. 0

pH

8. 3

8. 4

8. 0

8. 2

8. 0

8. 2

8. 2

Secchi disk ( m )

1. 8

3. 2

3. 2

2. 7

1. 6

1. 5

1. 8

Nitrogen-ammonia
( mg / 1 )

0. 4 0

0. 34

0. 6 0

0. 6 2

1. 10

1. 38

1. 0 0

Tempera ture ( c )
surf ace
1 m
2 m
3 m
bot tom
Dissolved oxygen
( mg/ 1 )
surf ace
1 m
2 m
3 m
bot tom

""'

�

Append i x Ta b l e 2. Record of w a t er qua l i t y ch ara c t erist i cs monitored d ur ing a
feed i ng methods test for ca ge-reared ra inbow trout ( S a l mo
g a i rdner i ) in an east centra l Sout h Da kota dugout pond between
18 Apri l and 19 June 1984 .

4 - 17

4 -27

5-04

5 - 12

Da t e
5-21

5 - 27

6-0 4

6 - 12

6 - 16

13 . 5
10 . 5
9. 3
9.0

10 . 5
10 . 5
10 . 5
10 . 5

10 . 3
9.5
8. 5
8. 0

16 . 0
15 . 3
12 . 5
9.0

18 . 8
18 . 3
17 . 5
14 . 0

14 . 0
14 . 0
14 . 0
14 . 0

20 . 0
19 . 8
18 . 5
14 . 0

25 . 0
16 . 0
14 . 5
13 . 8

24 . 0
19 . 5
15 . 0
14 . 3

13 . 8
13 . 0
12 . 4
10 . 0

12 . 6
11 . 8
11 . 4
11 . 4

14 . 4
13 . 8
12 . 4
10 . 8

11. 8
11 . 3
11 . 0
9.2

10 . 6
10 . 2
8.0
5.0

7.4
6 .8
6 .8
2.8

9.6
9.4
8.8
4.6

7.0
5.4
5.0
3.4

6.2
4.6
2. 4
2. 0

pH

8. 6

8. 5

8. 6

8.8

8. 5

8. 1

8. 5

8. 1

8. 1

Secch i d i sk ( m )

0 . 35

0 .85

0 . 95

0 . 75

0 . 60

0 . 75

0 . 60

0 . 25

0 . 10

N i trogen-ammon i a
( mg/ 1 )

0. 54

0 . 38

0 . 48

0 . 53

0 . 75

0 . 85

0 . 87

1. 3 5

1 . 20

Tempera t ure
sur f a ce
1 m
2 m
bot tom

(c)

D i ssol ved oxygen
( mg / 1 )
sur f a ce
1 m
2 m
bot tom

Appendix Table 3. Record of water qual ity characteristics monitored during a feeding
methods test for cage-reared ra inbow trout (Sal mo gairdneri ) in an
east central South Dakota dugout pond between 1 1 Apri l and 8 J u ly 1 985.

4- 1 2 4-21

4 -29

5-0 7

5- 1 3

Date
5-20 5-3 0

6-06

6-14

6 - 24

7-03

7- 15

1 3. 5
1 2. 0
7.5
7. 0

1 7. 8
1 7. 0
1 6. 5
14.8

18. 3
1 3. O
9. 3
9. 0

20. 5
15. 0
14. 0
1 3. 5

15. 5
15. 0
14. 5
14. 5

21 . 0
1 6. 5
1 3. 0
1 3. 0

22. 5
18. 5
1 6. 5
15. 0

20. 0
18. 0
1 5. 0
14. 0

27. 0
18. 0
1 6. 5
1 6. 0

23. 5
1 9. 0
18. 0
1 7. 5

28. 5
22. 5
1 9. 0

27. 0
20.5
20. 0

1 2. 8
1 3. 6
1 1.8

8.8
8. 0
8. 0

11.0
8. 8
7. 0

1 0. 2
9.4
6. 2

8. 0
7. 6
6. 8

1 1.8
9. 6
3.8

9. 0
6. 0
3. 6

1 1. 6
1 0. 2
4. 6

9.4
6. 6
2. 2

8. 4
6.4
3.4

9. 2
5. 4
0.8

9. 2
2. 2
1. 2

pH

8. 9

8. 4

8.5

8. 4

8. 2

8. 7

8. 4

8. 7

8. 4

8.4

8. 5

8. 4

Secchi disk ( m )

0. 25

0. 15

0. 20

0.40

0. 4 0

0. 4 0

0. 25

0. 35

0. 3 0

0 . 15

0. 15

0. 15

.Temperature
surface
1 m
2 m
bottom

(c)

Dissol ved oxygen
( mg/1 )
surface
1 m
2 m

Append i x Tab l e 4. Record of w a ter qua l i ty cha racterist ics mon i tored du r ing a
st r a in . performance test for ca ge- rea red ra inbow t ro u t ( Sa l mo
g a i rdneri) in an east cent ra l Sou th Da kot a du go u t pond between
11 Apr i l a nd 7 June 1985.

4 - 12

4 - 21

4 - 29

5-0 7

Da t e
5 - 13 5 - 20

5-30

6-0 6

6-0 7

6 - 14

13.5
12.0
7.0
6 .5

17.5
17.0
16.8
14 .8

1 7.5
17.0
10.5
10.0

19. 5
16.0
15.0
14 .5

17.0
16 .5
16 . 0
16.0

19. 0
17.0
13.5
13.0

2 1. 0
19.0
17.0
15.5

20.5
19.5
16.0
15 .0

19.5
18.5
16.0
15 .0

25 .0
19. 0
17.0
16 .5

13.0
14 .0
11. 6

8.4
8.4
7 .8

7.6
8.8
6 .8

7 .8
7. 6
6.0

6.0
6 .0
5.6

8.6
8.4
5.2

9. 6
9.0
4 .0

5.0
5.0
3.2

4 .6
4 .2
2.0

7 .8
7 .0
3.6

pH

9.4

9. 1

8.4

8.4

8.0

8.5

8. 7

8.0

8.0

8. 2

Secchi disk ( m)

0.7 0

0.6 0

1. 15

1. 15

0 .95

1. 10

1. 15

1. 05

1.5 0

0 .55

•
Temper a t u re
su rf ace
1 m
2 m
bot tom

(c)

Disso l ved oxygen
( mg/ 1)
surf ace
1 m
2 m
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Appendix Table 5. Analysis of variance for the dependent
variable initial length of rainbow trout
(Salmo gairdneri) stocked in a strain
performance test in an east central South
Dakota dugout pond on 11 April 1985.
Source of
Variation
Treatment
(Strain)

Mean
Square
463. 46

2

F

12 . 32

**

37. 60

147

Residual

**

Degrees of
Freedom

Significant at the 0. 01 level of probability .

Appendix Table 6. Results of a Waller-Duncan t-ratio t test
for the dependent variable initial length
of rainbow trout (Salmo gairdneri)
stocked in a strain performance test in
an east central South Dakota dugout pond
on 11 April 1985.
Mean length (mm)
Growth

Kamloops

Hildebrand

107. 3

105. 4

101. 3

Underscored means are not significantly different
(t-ratio = 100) .
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Appendix Table 7. Analysis of variance for the dependent
variable initial weight of rainbow trout
(Salmo gairdneri) stocked in a strain
performance test in an east central South
Dakota dugout pond on 11 April 1985.
Degrees of
Freedom

Source of
Variation
Treatment
(Strain)

**

96.00

2

Residual

Mean
Square

F

15 . 65

**

6. 14

14 7

Significant at the 0.01 level of probability.

Appendix Table 8. Results of a Waller-Duncan k-ratio t test
for the dependent variable initial weight
of rainbow trout (Salmo gairdneri)
stocked in a strain performance test in
an east central South Dakota dugout pond
on 11 April 1985.
Mean weight (g)
Growth
14 . 6

Kamloops
14 . 6

Hildebrand
12 . 2

Underscored means are not significantly different
(k-ratio = 100) .
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Appendix Table 9. Analysis of variance for the dependent
variable initial relative weight of
rainbow trout (Salmo gairdneri) stocked
in a strain performance test in an east
central South Dakota dugout pond on
11 April 1985. ·
Source of
Variation
Treatment
(Strain)
Residual

**

Degrees of
Freedom

Mean
Square
855. 37

2

F

10. 81

**

79. 13

147

Significant at the 0. 01 level of probability.

Appendix Table 10. Results of a Waller-Duncan k-ratio t
test for the dependent variable initial
relative weight of rainbow trout (Salrno
gairdneri) stocked in a strain performance
test in an east central South Dakota
dugout pond on 11 April 1985.
Mean relative weight
Growth
116. 31

Hildebrand

Kamloops

114. 84

1 2 2 .6 2

Underscored means are not significantly different
(t-ratio = 100) .

